**************** 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 




Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live" 



IS 6361 (1971) : Methods of colorimetric determination of 
phosphorus [CHD 1: Inorganic Chemicals] 




Jawaharlal Nehru 
'Step Out From the Old to the New' 



■K^y / 1 juaaaws^fea rs^^TTF^ 



2*S< W I *>S*V2^NK^ 



^frcvvv^ 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 



?TR TJ^ ^TT teMHI | ^t ^Wt ^^PTT ^f ^TT ^T^?TT \' 

Bhartrhari — Nitisatakam 
"Knowledge is such a treasure which cannot be stolen" 




.^^_ 



• 




BLANK PAGE 



*rt*2V^ 





PROTECTED BY COPYRIGHT 



Indian Standard 

METHODS OF COLORIMETRIC 
DETERMINATION OF PHOSPHORUS 

( Second Reprint MAY 1988 ) 



18:6361-1971 

( Reaffirmed 2003 ) 



UDC 5^6.18:5^3.43 



©Copyright 1972 

BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG 
NEW DELHI 110002 

Gr 2 Aprtmn 



18:6361-1971 

Indian Standard 

METHODS OF COLORIMETRIC 
DETERMINATION OF PHOSPHORUS 

Chemical Standards Sectional Committee, CDC 1 

Chairman Representing 

DrH. L. Bami Central Forensic Science Laboratory, New Delhi 

Members 

Dr K. Narayanaswami ( Alternate to 
DrH. L. Bami) 
Shri V. J. Bakre Central Revenues Control Laboratory, New Delhi 

Shrx K. S. Subramanian ( Alternate ) 
Shri A. K. Bhattacharya National Test House, Calcutta 

Shri &. G. Sheal ( Alternate ) 
Shri V. M. Bhuchar National Physical Laboratory ( CSIR ), New Delhi 

Shri R. S. Chatim Municipal Corporation of Greater Bombay 

Chemist & Metallurgist, Railway Board: ( Ministry of Railways ) 
Central Railway, Parel, 
Bombay 

Assistant Director (Met), 
RDSO, CHCtrTARANjAN ( Alternate) 
Shri M. L. Dhir Ministry of Defence ( DGI ) 

Shri L. R. Sud ( Alternate ) 
Director Central Agmark Laboratory, Nagpur 

Dr S. Ghosh ISI Laboratory, New Delhi 

DrN. Jayaraman Essen & Co, Bangalore 

Shri M. R. G. Sharma ( Alternate ) 
Dr S. M. Kaji Italab Pvt Ltd, Bombay 

Shri S. S. Honavar ( Alternate ) 
Dr N. M. Khanna Central Drug Research Institute ( CSIR ) , Lucknow 

Dr H. S. Mahal Maharashtra State Forensic Science Laboratory, 

Bombay 
Shri D. Mitra Swasthya Sewa Nideshalaya, Lucknow 

Shri S. N. ^Iitra Central Food Laboratory, Calcutta 

Shri D. S. Chadha ( Alternate ) 
Dr B. R. Sant Regional Research Laboratory ( CSIR ), 

Bhubaneswar 

Dr T. P. Prasad ( Alternate ) 
Dr P. R. Subharaman National Chemical Laboratory (CSIR), Foona 

Dr J. N. Tayal Central Indian Pharmacopoeia Laboratory, 

Ghaziabad 
Dr R. T. Thampy Shri Ram Institute for Industrial Research, Delhi 

Shri D. Das Gupta, Director General, BIS ( Ex-officio Member ) 



Director ( Chem ) 



Secretary 

Shri S. ARavamudham 

Assistant Director ( Chem ), BIS 



BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG 
NEW DELHI 110002 



IS 1 6361 -1971 

Indian Standard 

METHODS OF COLORIMETRIC 
DETERMINATION OF PHOSPHORUS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 12 November 1971, after the draft finalized by the Chemical Standards 
Sectional Committee had been approved by the Chemical Division Council. 

0.2 The determination of traces of phosphate is one of the most commonly 
performed determinations in colorimetric analysis. In the colorimetric 
determination of phosphorus it is generally required that the phosphorus 
shall be present as orthophosphate. Suitable treatments should be given 
prior to determination to convert them as orthophosphates. 

©;3 The colorimetric methods for determination of phosphorus are of choice 
these days and increasingly employed in analytical works for determination 
of micro-quantities. Colorimetric methods are more accurate, sensitive and 
quicker compared to volumetric methods. 

0.4 This standard prescribes methods of determination of phosphorous in 
traces by colorimetry. The volumetric determination of phosphorous is 
covered by IS : 5305-1969*. 

0.5 In reporting the result of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded off, 
it shall be done in accordance with IS : 2-1960f. 



1. SCOPE 

1.1 This standard prescribes the colorimetric methods for the determination 
of phosphorus. 

2. QUALITY OF REAGENTS 

2.1 Unless specified otherwise, pure chemicals and distilled water (see 
IS : 1070-1 960J ) shall be used in tests. 

Note — ' Pure chemicals ' shall mean chemicals that do not contain impurities which 
affect the results of analysis. 



•Methods for volumetric determination of phosphorus, 
t Rules of rounding off numerical values ( raised). 
(Specification for water, distilled quality (rtvutd). 
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3. METHOD BASED ON THE REDUCTION WITH STANNOUS 
CHLORIDE 

3*0 Outline of the Method — A blue colour is produced by the reduction 
of phosphomolybdic acid with freshly prepared stannous chloride solution. 

3.1 Apparatus 

3.1.1 Separating Funnels — of 200 ml capacity. 

3.1.2 Nessler Cylinders — of $Q ml capacity.( see IS : 4161-1967* ). 

3.1.3 pH Meter — glass electrode type. 

3.2 Reagents 

3.24 Ammonium Molybdate Solution — Dissolve 10 g of ammonium molyb- 
date in 100 ml of water. When cool, add the solution to 300 ml of 
1 : 1 sulphuric acid. Keep the reagents in a glass bottle, protected from light. 

3.2.2 Stannous Chloride Solution — Warm 0*1 g of tin foil in 2 ml of hydro- 
chloric acid and a drop of 4 percent ( wjv ) copper sulphate solution in a 
test tube until no more tin dissolves, cool and dilute to 10 ml with 
water. The reagent shall be prepared freshly for each determination. 

3.2.3 Standard Phosphate Solution — Dissolve 3*77 g of sodium hydrogen 
phosphate ( Na a HP0 4 .12H a O ) in water and dilute to 1 000 ml. One 
millilitre of the solution contains 1"0 mg of phosphate ( as P0 4 ). It may be 
diluted suitably to contain 10, 25, 50 or 100 (jtg of phosphate per millilitre. 

3.2.4 Ether — Conforming to IS : 336-1964t. 

3.2.5 Hydrochloric Acid — conforming to IS : 265- 1962 J. 

3.3 Procedure 

3*3.1 Prepare the solution as prescribed in the individual material speci- 
fications. Take a convenient aliquot of the prepared solution, so as to 
contain 0*025 mg of phosphorus (as P 2 6 ). Transfer the solution to a 
platinum dish and dilute to 50 ml. Digest on a steam-bath for 20 minutes. 
Cool, adjust the pH to about 4 and dilute to 75 ml. Add 1 ml of ammonium 
molybdate reagent and mix well. When it is dissolved adjust the ^H to 2 by 
adding dilute hydrochloric acid. Check the pH using />H meter ( glass 
electrode ). Heat to boiling, cool to room temperature, add 10 ml of con- 
centrated hydrochloric acid and dilute to 100 ml with water. Transfer the 
solution to a separating funnel, add 35 ml of ether, shake vigorously and 

•Specification for Nessler cylinders. 
tSpecification for ether ( revised). 
{Specification for hydrochloric acid ( revised). 



£5:6361-1971 

allow to separate. Draw off the aqueous phase which may contain silicates 
and discard. Wash the ether phase with 10 ml of hydrochloric acid and 
allow to separate. Drain off and discard this aqueous phase. Drain the 
ether layer quantitatively to a Nessler cylinder and develop the colour 
by adding 0'15 ml of stannous chloride reagent. Mix well and make up to 
mark with ether. 

3.3.2 Transfer several aliquots of the standard phosphate solution to sepa- 
rating funnels and develop the colour following the steps described in 3.3.1. 

3.3.3 Compare the colour with those produced with the standard phos- 
phate solution. Note the volume of the standard phosphate solution with 
which the colour of the test solution matches closely. 

3.3.4 Calculation 

100 X f X V 

Phosphate ( as P0 4 ), percent by mass «= ~ 

where 

f= mass in g of phosphorus ( as P0 4 ) equivalent to 1 ml of 
standard phosphate solution, 

V «= volume in ml of standard phosphate solution matching 
closely with colour of the test solution, and 

M = mass in g of the material in the aliquot used for test. 

Note — The colour is produced only in presence of orthophosphates. Meta and 
pyro phosphate should be completely hydrolyzed before determination. Free acids and 
alkalis which depress the colour development should be neutralized. Organic acids 
like citric, tartarionnd oxalic inhibit the colour formation. If organic matter is present 
in appreciable amounts, it should be removed. Ferric iron exceeding 1 ppm should be 
reduced to ferrous iron as well as arsinate to assenite. 

4. INSTRUMENTAL METHOD 

4.0 General 

4.0.1 Outline of the Method — The sample is neutralized and reacted with 
ammonium molybdate and stannous chloride. The blue colour obtained is 
matched against that produced with standard phosphate solution. 

4.1 Apparatus 

4.1.1 Spectrophotometer — for use at 730 nm. 

4.1.2 Filter Photometer — Providing a light path of 1 to 10 cm and equipped 
with a red filter having a mximum transmittance around 730 nm, 

44.3 pH Meter — of glass electrode type. 

4.1.4 Burette — to an accuracy of 0*1 mi. 

4 
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4.1.5 Separating Funnel — of 200 ml capacity. 

4.2 Reagents 
4*2.1 Isobutanol 

4.2.2 Nitric Acid — approximately 8 N. 
4.23 Sulphuric Acid — approximately 10 N. 

4.2.4 Sulphuric Acid — approximately 0*5 N. 

4.2.5 Ammonium Acetate Solution — 50 percent (w/v). 

4.2.6 Ferric Sulphate Solution — Dissolve 0*5 g of ferric sulphate [Fe, 
( S0 4 ) a . 9H t O ] in 50 ml of water containing 2 ml of perchloric acid and 
make up the volume to 100 ml. One millilitre of this solution contains 
0*001 g of iron approximately. 

4.2.7 Ferrous Ammonium Sulphate Solution — Dissolve 0*5 g of ferrous 
ammonium sulphate [Fe(NH 4 ) 2 ( S0 4 ) r 6H 8 0] with 50 ml of water 
containing 0*5 ml of perchloric acid and make up the volume to 100 ml. 
One millilitre of this solution contains 0*007 g approximately of iron. 
Prepare the solution fresh before use, 

4*2*8 Ammonium Molybdate Solution — 25 g per 1 000 ml. Dissolve 5 g of 
ammonium molybdate [ ( NH 4 ) 6 Mo0 4 .4H 2 ] in water at 60° C. Cool 
and make up the volume to 100 ml. Add to the solution 100 ml of sulphuric 
acid ( 4.2.4 ) and mix. 

4.2.9 Washing Solution — Saturate at room temperature about 500 ml of 
sulphuric acid with isobutanol. 

4.2.10 Stannous Chloride Solution — containing 2*38 g per litre. Dissolve 
I "19 g of stannous chloride ( Sn Cl 2 . 2H t O ) in 85 ml of hydrochloric acid 
(d 1*19). Complete the volume to 500 ml. Preserve the solution in 
amber coloured bottles. Prepare the solution fresh before use. 

4.2.11 Standard Phosphorus Solution — 0*400 g per litre of P,0 6 . Weigh 
accurately 0*766 8 g of potassium dihydrogen phosphate ( KH,P0 4 ), dried 
before hand over sulphuric acid, transfer quantitatively to a 1 000 ml volu- 
metric flask, make up to the mark with the water and mix. One millilitre 
of this solution contains 0*4 mg of P 2 5 . 

4.2.11.1 Pipette out 25 ml of the solution ( 4.2.11 ) in a 1 000 ml volu- 
metric flask and make up the solution to mark and mix. One millilitre of 
this solution contains 001 mg of P 2 5 . 

4.2.11.2 Pipette out 25 mi of the solution (4.2.11.1 ) into a 250 ml 
volumetric flask and make up to mark and mix. One millilitre of this solu- 
tion contains 1 -xg of P 8 O fi . 
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4.3 Procedure 

4 3*1 Preparation of the Main Test Solution — Prepare the solution of the 
material as prescribed in individual material specification. 

4*3*2 Test Specimen — Take a volume of the test solution containing 
0-015 to 0*025 mg of P«0 5 . 

4.3*3 Blank Test — Carry out simultaneous with the actual test a blank 
also using the same quantities of all the reagents those are employed for the 
test sample under same conditions. 

4.3*4 Establishment of Calibration Curve 

4.3*4.1 Preparation of reference solution — Relating to spectrophotometrk 
measurements carried out with an optical range of 1 cm. Introduce in a series of 
6 separating funnels, the volumes of the standard phosphorous solution as 
shown below, measured from a burette: 

Standard Phosphorus Solution Corresponding P z O^ Content 

(4.2.11*2) 

ml mg 

0* 

5-0 0-005 

10*0 0-010 

15-0 0-015 

20-0 0-020 

25-0 0-025 

Treat each of these solutions as follows: 

Add to these separating funnels the necessary amount of water to 
bring the volume to 60 ml, 1 ml of ferric sulphate and 1 ml of ferrous 
ammonium sulphate solutions and mix well. 

4.3.4.2 Formation of oxidized phosphomolybdic complex and extraction of the 
reduced complex — Add to these separating funnels 3 mi of sulphuric acid 
( 4.2.4 ) and then 7*5 ml of ammonium molybdatc solution. Mix and let 
stand for 10 minutes. Add 25 ml of isobutanol and shake vigoiously for 
1 minute. Decant, separate the aqueous phase and reject it. Add to the 
organic phase 30 ml of washing solution, shake for 1 minute. Separate the 
aqueous phase and reject it. Repeat the washings once. Transfer for 
organic phase to a 25 ml volumetric flask dried beforehand. Wash the 
separating funnel with 1 to 2 ml of isobutanol and receive the washings also 
in the same volumetric flask. Then, complete the volume to mark with 
same isobutanol. Mix and let stand for at least 10 minutes away from light. 
Add about 2 ml of stannous chloride solution. 

* Compensation solution. 
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4.3.4.3 Speetrophotometric measurement — After 10 minutes, but before 
1 hour, carry out the speetrophotometric measurements at a wavelength of 
about 730 nm, the instrument being corrected before for zero absorbance 
with respect to the compensation solution. 

4*3*4.4 Plotting of the Calibration Curve — Plot the graph taking the 
values in mg of P,O fi of Z-axis and the values for absorbance on :T-axis. 

4.3.4.5 Determination — Transfer the test portion to a separating funnel 
( adjust the^H by a glass-electrode ^H meter to 2 ± O'l using small amounts 
of ammonium acetate). Then bring the volume to about 60 ml and add 
about 1 ml of ferric sulphate solution, 1 ml of ferrous ammonium sulphate 
solution and mix. 

4.3.4.6 Formation of the complex and extraction of the reduced complex — 
Proceed as prescribed in 4.3.4.2. 

4.3.4.7 Measurement of spectrophotometry — Measure the spectrophoto- 
metry of the organic phases resulting from the test and blank test solutions as 
prescribed in 4.3.4.3 after adjusting the instrument for zero absorbance 
with respect to isobutanol. 

4.3.5 Calculation — By means of the calibration curve determine the 
quantity of P 3 O fi corresponding to the values of absorbance. 

Phosphorous ( as P a O e ), A?, — Af. 

percent by weight ^ M * Fx I0 ° 

where 

M x saa mass in g of P a 5 found in the test solution, 

M 2 — mass in g of P 2 6 found in the blank solution, 

V = the ratio of the volume of the main solution (s) to that 
of test portion, and 

M, = mass in g of the material in test solution prepared from 
the main solution ( 4.3 ). 
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